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(54) SEMICONDUCTOR UGHT-EMITTING 
ELEMENT. SEMICONDUCTOR LIGHT- 
EMITTING DEVICE USING THE SAME AND 
MANUFACTURE THEREOF 
(57) Abstract 

PROBLEM TO BE SOLVED: To provide a flip- 
chip semiconductor light-emitting element of a 
structure, wherein light on its way from a 
luminous layer to a p side electrode is made to 
be reflected to the side of a light extracting 
surface with high reflection efficiency for 
obtaining a high luminous efflciency. 

SOLUTION: A semiconductor laminated film, 
consisting of n^pe and p^ype layers is formed 
on a transparent sapphire substrate la and n 
side and p side electrodes 2 and 3 respectively 
are provided on the surface on the same side, 
which faces opposite the substrate 1 a of the 
laminated film. The electrode 3 is formed into a 
laminated material consisting of an ohmic layer 
3a. which is ohmic connectabte to p side 
semiconductor laminated film and consists of a 
metallic material, and a reflecting layer 3b, which 
is made a laminate on this layer 3a. consisting of 
a sHver white-colored and high-refleotivity 
metallic material, such as Al, Ag and Zn. 




COPYRIGHT: (C)1999.JPO 



(i9)B*ii!itfi=;t (jp) 02) >2t §i il# 1^ <2: (A) 



#1^11-191641 



(51) Intel.' 
HOIL 33/00 



mim 



F I. 
H 0 1 L 33/00 



saw* mtm ^«««D»ii OL m w m 



!^ll¥10-287623 



(32)ffijfeH ' ¥9 (19W10^14H 

mmmmm b* (j p) 



(71) tHffiA 000005843 

(72) 5!w^ oiT an 



(54) ¥J»*»:3|3l^^t2in*J8Vifcif^«3tSilRtW'©»B^ 



(57) mm] 

ma 3 p ffliJ¥«#:«SlK(C:i— 5 -y ^ t*«BrSgf<£^ 




<^m^ 11-19 16 4 1 



[MM 1 ] ' '&BM(Dm^^^mnz n mmRiSprnm 
{ij<p®±(c n mmRpp mmt^n^nt-i y ^ mm 

[»*^2] .H5fBzl>^i7 hia. N I. Co,.M 

g, s b©ti-rn*^o^k^*^^*-, ^®)^jitt5 0 
& ^ if f « 1 ^ fctt 2.fe«« 7 'J y ym^mi^m 

A g t P t A g i P d t-rsH^S 

A'>7^ifM^Tt(iSB7 U y 7^-y ^S^f 

[M*« 6 ] WfB7 U y -f^y zTM^m-W^^m^^-lfi 
G a N«ft^#l¥^#:^^^^l?* 0 ; WbE-9-7v7> 

© 2 ? ©ttSyitftifB s i ^-r H m^<r) p n m 
fflijm^ t n ffiijmil*>'tt}t2 S i y-l" :t- h' W n fflijmil 

t p \z~^mvxmm\m Lxts-^b mam 5 ismo 

«E ^ P t , P d S fc N, i i^fi S <S«^Tffi o:it 

umm 8 ] . . wsicJi 1 e. 4 fB«(D 7 u 7?^ >y 7^ 

#:fg3tSfi(rfeV^T. «fIIB7U y -f^ y Zfm^mim^ 
finilia^ U >y 7?^-y yitf#«#^3t*T<!;Hfl33-y-7'-77 



)l£gWCi5ViT, 7U7^5^>yyS*»#:^)t3g^tL 

N^J»f*©n^lSy^pSl?:f«lL, mflBn^loaS 

si®^M««i^& jp)*f 5 i i t d <Dm.m9.m(D±T$> 
•p T ButB p SI ©-gp $ j6 5 MiteEic p fljma ^ 

JgfiKLfcil^«'*^^«^^ffll/ifeS&COBfIfBMWS©S 
^•B-fcrntc, MfB-^XA-^MK^Tt^^tifefCBfiHa 

RMm<o^munmmvrcnm^y^m\zmkv. m 
ti':;x/\-(omm^nmmu(DAmm\ztimL,, mm 

feoTv S9?B7'J y75^5':/M¥«#:5g^t^^2:tt?B-th 
7'-7«^> h*^5&«fT?'J^^fc?^fiK$nfc'>XA-®±CM 

^^fz'mz. w!m'yx;\-mii^^m'f-tt%\zmm 
umm<D^m^nmmvtcmm^y=^mizmmv. m 

mmzn*mi$.-r^r^^f^ft^n(onT^:^m. ., 

[000 1] 

^-(■t-m0^'f;'^^x\zmm-^n^mf^*)'>Am 
it-^mmm vrcy u y y^f-y ifm<T>^m^mmm.\z 

[0 0 0 2] , ■ ■ , 

^;[«£*©tS«] GaN. GaAlN,. InGaNRO^L 
n A 1 G a N«?0 G a N»fl;^«J^3>#«. ■ Sj«)t56)t 
xAW7^i«ra»;mm*xAW7fflOil^Jg^*:^^ipfttT 

[0 0 0 3] d®GaN«£^!^Oi|ii»{*©Slj6-^tt, 

;n co-y-7 r < 7 O J; 5 &*fijttt®*g^atS^ ffl -5) 



11-^191641 



[0 0 0 4) gi8{c;tie*©GaN«¥^#:^7ie^^0«t 

ni^SS 1 ipSlS 2$:ff^pgb> pSIS 5 2 g|$?r 
5 1 fc^/i^Vx-f >^<orzif)<Dnmmm 5 1 

[0 0 0'!5] dCT, S?3mffi5 2 attN i <i:Au®« 

iaM*£'«Coi:Au©ttlKi:Lfcfc©T*(3, pffi 
5 '2 5 fc|Wl^<Da^;>.-&t.-ti-CD«H)t(' ct-pTJ^^S^ 
nfcfeC0A^*3%t'Tab§. ^fc. nfiijm«5 1 attT i t 
AuiDmmm^tcitVtA l t08J®Mi:tit=bCDd^- 

[0 0 0 6] MB^«®5 2 a, p#jmffi5 2 bSZ>'nffliJ 
5 1 a <0-€-n-?n®*JiisfH> G a NJSfCJi-— = y ^ 

fcOTa&5. tfit)*,. Ni, Co, TiSO^Vj^t^i^ 
[0 0 0 73 z.<ryi:.oU^mM^%%m'^5 nM 

m 5 1 ■t'pSl 5 2 twrB^O p - n«^^Sfc«^cr)rBl 
I nGaN^SttliL, pM«5 2(^« 

n-S. -?-'bT, n{W««i5 1 a&ZXpfiiWfiiS 2b(D^ 

[0 0 0 8]- Sfc> *fe5 0 ail/TfflVi5U-:7r-l'7 
a, 5 2 b*^IBlCffi®®(C-&^nTU^;ii:*^'=.. 7U 
St;fpffl«®mffi5 1 a. 5 2 bCD-?-nWrA'>:?'«^ 

^■frifc^#©i#©*«5 0 a(DJ:ffl*i±>tSimbffii 

[0 0 0 9] -^^ z(r)J:oti^l^^(n-^yr'i7com 
«5 0 atCGaN3S^t;^tl¥Jg#l^«l-r^5§7t*^ 
5 0 T«, 3^^«ipfOfc<?:;itf!il«* £ ^Ofgjil^igc^ 

»I?,tlTli^. fci^tf. 5 0 ^Jr 'J - H 7 1'" 



Jl|M;?|p]T:fe J;^ 1 0 0 Vco^lEE 

[0 0 10] ^m^m<DMmm\'<i^^^^ 

- 1 8 7 8 2^i:LTffilrffiKtfcBJJffl»S;tX|2|ffitCfe 

[ 0 0 1 1 ] EI 9 tin 8 (Dft^m^ 5 0 ^fl^tt^^liffl 

oT. I^0<D (a) tt^fflS. mm<D (b) lifilgl 

[0 0 12] S i ^'r:t-H5 3($nSvUn>S«5 
3 aS:*#tbfct3(7)T. BI9W (a) (C*3t/>T*^ffliJ 

5 4 St^' P 5 3 b (ClS^-r S gB^lC p 

fliwffi 5 5 HtcTsictt u - K7 

-A^i«^e?)t^a$-&5^c«)On«g 5 6 5l2(tT 

[0 0 13] S iy-i^~V5 3<Dnmmm5 4ii^^ 
5 0©pffll«S5 2 blCT'r^DA'>:/5 7*/rL 
xmWi-^n, pffliJ«S5 5«nfi!ll|S5 1 atCT-f^n 

n>>f 5 8?;:frbT}tS*§n. »)t^?-5 OiS ii'-f 

i'Osi^ >-yx U S. 

[0 0 14] z<D^or£m@&oyimiz^-:}X. iftSffi 
(c i^iimsit/iSEiJip^nfcttca^ ^7t*^^ 5 ,o iceu 

*$tl-5iS*r^]«ffittS i rJ'-l'^t-H 5 3 CDm-lSlttffi 

5 0 izmisa^n^m-^j^mmits i ^''-f ^- k 

S3(Dimi^^iZ^^mi£WT6^ty^i—m&Vzi4 

m (Wxtiiov) TA*-rA'Xyi^'^< cticj:t); i^n 
[0 0 15] y^)y:'''^yy'm<7)^mim^m 

^T«< jiBJUSS 2 aco±ffiiJtc:^^S*tJg^^tl-g.© 
C05!>t«?5^e.<^?t(i-y-7 7-1'7»S5 0 a^tfelt 
T^-®±ffi<£^«tDttlbffii:bT5!3t-r-5t)<^)i, mm 
mS5 2 amiZ\^-^^oh(Dtf]^$>^, Z-Ofzld. Z.<DM 

Bnnw.5 2 a^i^A^o^^mmmm\zRt>^&imom 



[0 0 16] 

mtLitm^. j:<Dp:#j«s*ia8T5^Litfe«tisii; 

Mn-rrit>%N i tA\i(Dmmm^tc\icotAuo)m 

CO 0 1 7] t^57is. N i tAut(Dmmmx\-i, - 

mz^-S.y^u>:^^ H€ri-2>N i coS«#ti«6T» 
<. AuttC:tltC|;b'K^,^/p<m$n-5. CotAu 

mt^mHf- (pSGaN®) t««Mittt*Sfe/h^< 
[0 0 18] dCD^atCAuWapJi^N I -^CoiOt) 

[0 0 19] ccT.. ^m^M^mmLTm^Lrzmm 

:^!:«ffifca^ ^ittcftlt LAc t 

fct;^«¥fiK8¥)ScD mm^^i OB 5 1 9Hr1?«co 

etna, Au®^a®ic3t^M«bfc«^Ta. iSft*^* 

0. 5 5 Owm (i^fefCffiS) KJiT£fentiS*t*tt8 
O^j^iiTafe-SOtC^t^L, ig^S;i»SO. 5 0 0 ^mfC/j:-5 

m^i^o. 450 urn (n^\zm) Tfen«, 40% 

[0 0 2 0] Lfz7i^r3X. pMO¥»#:«HM<i:p«« 

Lmm^<DKmmU(D^mit:k<^izi&rLxL^v. 
[0 0 2 1] :i(D^viz. mmmtvxAu^^^-t 

yjy 7^5^ -y.^MO J; p $OS« 
it JtfX lil L SffliJ tClEliR U T%)t^^ 5 ±lf J; ^ i L T 

CO 0 2 2] :*:^BJ{Ci3l/iT«l^-r<€ii^«, 

\zKm-^iixM^->^^mmm%<bn^ y u -/ -/g^'^ -/m 



[0 0 2 3] ^ f>lrti}!5Lfc¥fi)c8^)igro ra?4^«j 

OB 5 1 9Mmm<D^mm<Dj^^R9im<Dmz^mi. 

SX$>Z. L>6^U. ¥@#:T/W7.0^i-iftC43</^T. € 
ffi*^fsf <*: LTA g S:ffifflTS«^{q:«'€-0-7'f i/l/- V- 

lCAg*H:t>'(t:-r^^tCJ:-pT»^t''2>t)0-e. HI 
[0 0 2 4] ::o58^3!l?OJg^feAg.*pffl«ffit::ffi 

X. 9t^m^\zwm$nmmtx.t^^'>mmmmm 

«)t*^OpfiiJ«ffitnffii|«ffiWO'J-^!7^^)!it5g 

. [0 0 2 5] *^B^tCfel.^T«ftf'^#B2 0ISSe> 

[0 0 2 6] , - s. 

mm^m^r^rzib<o^m :^mm\t. mmmm 

is^jf^v i^M,mmtKMmm±\znmmRzfpmn 
t^n^n:t~ 5 y t««g-r^ n mmmRU p ffiij^s ^ 

ii^, nfiijR0CpftimWf^ffii:S*HB'JOffi$r^®ttiU 

mthtzy^} yzf^yz^<a^^mw?^ytm^x3r,^x. 

pmmm^pm^m»mmm\z^-zy^mm^mfji^ 

[0 0 2 7] ;iOJ;p;^C«^T*nt*,.¥^#:aSMO 

fg)t)i*^e.pfflii«stvi^A^5^«. ffiSfej^TaboTS 

lif^OS t^^M+^m^'ai $ ^.5^^ J; < «S« 

s. . . , . . 

(0 0 2 8] Sfc. *»BJtt. HfJlBSW^*tAg®«. 

[0 0 2 9] PtSfc«Pdtt. Aet^^^tr^^t 

0< ^fcAgO^S^&ffi»><-y4^^tJ;S««llT^^ 
\zmoz.t\z^<0yi^6^^mmL. Ae(D^^>mz^^ 

[0 0 3 0] s e. c*^B^ti, 7 ij >^ ym^m» 



[0 0 3 1] ->'Ji3->8tJg^#}fBS^ItFfltC3fei»-r5 
CO 0 3 2] ' 

p Mi Mivena-- ^yi; ^m.t^ n mmmxsv m 

mi.^WM'^\z^^zxyii>} Mt,- z.<r>-ay^f;vm 
pfiiJ«ffiJC|6];i^5?t4. ffiSfil^TaboTKW^Offit^ 

hltLTp«¥«fr«l)l{C*-S -y^S^pIigfj: 

ffltWtS. • ■ • 

C 0 0 3 3 ] W*^ 2 {'IB«®fF6?g«, >^ i7 h 

'n. i , C o, Mg, S bOVi-fn;*^O^Jg7C*S: 
5 0 0 nmOTT*Sll5t<3S 1 13«® 
¥^M7t*?TabD, ±fB©^S7C3^tt. p^©Ga 

o^^m7tn<r>mm''^^^'^it^zn^^KMmt.'^-f\^ 

0 nmMT< •feoi:»*L<.tt> lOOnmOTtb. 

[0 0 3 4] m^m3izBmo?tm\t. mmKm\t. 
Ai, Ag, zn<D\^-^-rnf^(D^mytmi)-^^riO. ^-o 

i,znr^K^mf)m\z-0,<, mmmi,zmts^^f^m^< 

5 0 0 nm£i±> ff*L<«l MmJEt±CL, HWJi 

[0 0 3 5] il*JR2. StCiD, :t-5-yi'tgigSS 

[0 0 3 6] mMm4\zmm<^^m\t. mmmma^A 

g®«^, WiHSWS^AgtP t0^^*fcSAgi: 

P d i7)^^ft^ 3 tmoy U T'?^ 

T afe D . p ffiUS A g ^ ffl t ^ S il^ > • 
A g i P t Sfc«A g t P d 0-$^ft^ ZtlZ^O: 
A g T-f ^ 3 > ^ i p {^ffl Sr WT 



5, p t ^fcttPdofj-^tt. ^n-^niowt%^tt 

[0 0 3 7] mmm^izmmommit. m^mit^i^^ 

5^.;, p tJ&CJCnffillttS^^K^S-a- 

ffi i it tJ ^ S ±KS T'?i $ i < S« $ -M- S 

s^^^^ffl -5 c <!: ic J; D i !^^m^^m\zmnrz^ 

[0 03 8] 6 \zW.^ay9tm\t. mBy U -y T'^^- 

afeO, Wg3^1*ffi±®2^0||®*5i(feS iy'f^- 
LTt3i2^^*^^© p mmmt n ««ffi*^*miBB s i y-r 
^- H o n mmm tv> mmmizMmh-^mmmm l 

Ts i ^■i^-Y^m\^^i>'zt\ziiio»m^umt^'^m 
ttAio\ mm%9mRTShmmi'9J)m{zmnrc^^m{^^ 

[0 0 3 91 i»:*)S7 WES«H*^A 

g««^. MteiKWSroSffiSP t; PdS;fc«N ItS'' 
^ntSiSaiKTa^i t SrltSt t-r ^if JR« 5 Sfcti 6 
Se«©^li#^*:S£^^fiTS. 0 . P t ^fc«P d it: A g 

mt^m^:^<$>io. ^tzAgcD^m'knm^y^mzj:. 

[0 0 4 01 ii*«8{ClBit©5iBJ«, »*m!6^e.4 

s5«©7 u -^9- y -fm^mim^mi-^ u - h 7 1/- 
i!^m5i)^'p7tm(D^mwm^mmizi5\^^x\ mmyj 

ffife<!:<hWjg^l5tRflSfc«tfF|B7 U y -y^yy'm^mW- 

> ^ t ^ <!:-r 5^1^«#5g)tSS 

J; 0 . A g-f :t 'J -i->^B&/{it h y yzft^tz 
it). AgW-rrtXbt-iSV-f ^^fU—j/g >S;WJ-r'5 

CO 0 4 1] W*Jl7i:8?;^lf ^CtlCtD^ SI* 
liCA g^fflt,^fc^^®AgT< yi^-v-a >*f|g«^ 



CO 0 4 2] ii*«9iciB^«^?ftt. m^kmsmm 

^ ©)t^ 0 ffi tffl±(CmiK-> U =i,->ttSg*mMbTVi 
& ;i i fc J; D , 0 Hi L D :^ ^tgjg^r # W **^i^± 

tf«^bffl!i«ic p t it^<^^^^-r^mm'> 'J q-><^liB 
[004 3] m$mi 0 KfB^cDf6g«tt. as*« 5 . e 

S U . r mfia n pi CD^ffi n mnmm^ t . ;• bSE p m 

M(omm(Dmi^mizmmnm.mnmimm-/s, <»- 1 % 

(oMm\ziimL. mm^y^m\z^r)m'd.^mmt: 
mtm°Mmm(Dmmizimwis.r^^mi¥nytmm(Dm 

W3mx% p#J«1i*%§g«g®S SO^^^^T 

*c.T'bit:/-7C7 > h^^dtfT?ij4^C3i^f£snteC7x/\ 
%^^v^%-^f^^^^z.ii\zi.-oX, 

%mzK^m^%mz\mj&m-^z.t.i^x^. 

[0 044] il*3^ 1 1 \zWM<D%m\t. 7 K«£ 

/v^^^iftLxmmiM^^itrzWiiz. mBox/\^^nS 
m^^m^tfh\zmmm^<D^m^mmm\-tcn 



o^mmizi^mb. mM^y^miz^Dm^^mm^ 
mii^^mTo p {mmmmizimmis.t^^'mim^ 
mm<Dmm:ismxhD. ■mm>-y^mw^^z.t\Z'k 

t^tCfl^SK^nfC^XA-itjfm RWHT£b^Ag 

ommmiz^mm^mi^t^ox. m^^.,jmm^p 
^n^-b'mmi< .Mmm(o^^^mmzr^ z. tf)^x 

[0 0 4 5] ,Jii,Tir«, :i^^B^crimmmM(DM.wm^m 

■ox.MWi<D (.a) ^^mm. nmco,(h)^tmm■ 
(a) ©A-A«^^aivJ;5SiEWp0-eafeS. ■ . 
[0 0 4 6] gIlW,(a) (b) It^tiT. ^t^^ 

^ 1 ^8^tt©^BJ^C-y-7 7-Y 7S« 1 a CD«®fC« 

tfT75^^|llgtCG,aN/N*>y 7rll b, nliGaNll 
c. InGaNftttSld, pMA 1 GaNS 1 eS.D^ 

pUG aN® 1 f tvtzhoxm,. y:f)i^7-amm 

[0 0 4 7] nSGaNS.l cCD-pO:3-:^--g|50± 
®«X -v 5^ >if tt J; o TSMl^lC^i $ tl« in 

X.>»^>;y{rcfcS«II»^^)-*l»Vifcg±««pl! 

G aN« 1 f ©±®b«. ptJmg3*5|BHitC^Sff4lC 
i-pT^fiK^tlTV^S. ^bT> ;::ne<75n{|iJttS2R 
ZJ^ P ffliJW® 3 ©-hlCtt-S-n-t'nT-f 0/\* ^T' 4 , 5 ^ 

[0 0 4 8] 02 {m^m'P 1 

Ag'^-XMvioTgE«HSLTV^2.. -^-tT^ Z.<p 
S i i/-1';f-K*^7C5J:ffilC> S 1 « (b) . {C;^bifc 

[0 0 4 9] 3«Jtl^^l©V'fd7DM>7'4, 5tt.. -f: 

n^'ns i y-fji— F«^7<7)pfflij«ffi7 bs^y:n«« 

S7 a ttt«WCJS®$-tiTX3}^4^i/W8tCJ: oTSif 

.[0 0 5 0] ^7t*^ I'xcDattd^feSi^fCJS. iji^ 
I nGaNSttll dA^^itlt^'iD. iif 
t)^ L i: ^ I- ^: e> ©)t*^'-9- 7 7 7 

»«i a(D^mK>oiLmmRzSv>Mmm^izm^^. 
tci-naj;i^*^ :i<Dpmmm3(Dmmmt lx 



[0 0 5 1] zintcjttu. *^B^-e«> pmmmst^i^ 

\zmmr:S>dt yi'i; M 3 a t bTN i 6 SfcliS 

(Dmi^^KiiMihr^is:mr^miSL\zvT^^^. * 

3b*^Z n(0«^tt, Y-l'i7DA'>7'4. 5 tOt^^tt 
*^<f -SifefelSSIIS 3 beDJlCAu(DlS:^gfiet- 
S, '■- ■ ■■ ■■'■'^ - • 
[0 0 5 2rSfc. JKMS3 blcWfe^^eo^ttC^fU 
TSI*^*SSt)i§t,:^Ag5:fflVi^«^a. V-fi^lx-v 

#^#:^7t*^®«^Ttt, p ffliJSli Sin #J«ffi 2 

to 0 g-3] ;inC^L, S«)i3btCA 
g^fflti5«-&«, Pd3i«P t©^^ttTKW«3 
bSrJ^^fe-r^o Ag{rP dS;t{3:P t tlcj: 
0Mlt^«'>tf6T-r5;5^Ag©-7'r;:fU'->'3>tt«l 
*J$tl^^^®M^(3j®jEttttP cl(D»^3 0 w t %)@ 

a, p t®«^«i owt%is«T, iifiDswasbo 

^%=f-(!^n>'^<r)mw^h-ox: mm<D (a) (i^wttiis 

1^0® (b) tiPB (a) OB-Bi8g5^«lCck 

[0 0 5 5] z.z.'riw^\^■^Q,2.^^'^c^m^Mwmm 

0« i^-y-7'>>h^T (S iyi':t-F) 7±(C-7-f ^ 

a 1 0 <&SBJ«S±ic»fi&DC^fi©)tlC*f bTS«* 
®iaiifflefe»?fe)S*Jfi®A g*fcttZnS:l. 5 Mm 

is^^^tLfe^tcswi 1 o^fl^)ig-r2)®-e> 

^(J^mm^mm2hms~':>X\.^^. -rJ^O. 02®« 
^Jt*^l®piil«ffi3®§Bii-lc®^SW-B3b 



B-fl«ffi5 2a. pfiij«^5 2b, "^^f PA'>7' 5 RtX 
S i ^^'•1' ;r- H © n (PJimffi 7 a ®gH^#(c:MMl 1 0 

«1i5 2 a±IC}gfi£SnfcSB5^T$.^, dOtWllO 

tfs^*^ 5 0 ® p mwmsi>'rt'm\m ihn i>«ifiET 

[0 0 5 6] Sfc, £®}^ffi(::*3t,^TfcSWll 0^:L 
TA g $:ffll/^5«^tt, ^1/— > 3 >^m7!i^*'i^gT 
fcS. cl©*^. 04 (a) (C^-rj;^lcSWS 1 0-C 
^fe5Agp^>y^l®^M^CP t, Pd^fcttN i ®;)t>y 

i^ifcsa Ct < S7Ki^ t A g iroaii^W-^ T-i- if I/- 

->3>/!»^ttJSijT#'5. sfc. p t-^Pdic-r-ssaa. 

^®^M7Cme#*^ A g V-f if > 3 >%rftl*jr 53^ 
J^fi^lC J; 0 , - A g -^-f i/lx-^->3 >(ciS«ffiK® 'J - 

^'^-Y^m.mwmzw.'^-r^, 

[0 0 5 7] e:®«f*i[i 1 ©SdStt, 04 (b) 
tWlK® p ffliJttSORWS 3 b $ A g V^Tf^^b/S: 

[0 0 5 Z\Z.<Di.o\Z. SBJ«ffi5 2 a®«SlCAg 

tt5C:i:CJ;oT. Sttg*ie>®^le«S*fJi 1 0 \Zii-:> 

5 0 ©^(itofcfc® *SS)iii5-B:TliIiR-r.6Se 

[0 0 5 9] mz.. ^'nMt.ff^mmM'^ 2 aM® 
SK^^.fc 0 fcSfiti^t^«l^frafe 0. SBjmffi 5 2 a Hffi 
feXSK -^©l^e^^fe/Jx^ Vi©T, ^^WS©iKC*f 

■r5]^Stt4|^T?#;5:ti.' ::h>c^;tL, aajUSS 2 a 

t'«Ag;<-> + tC<tSRW« 1 OAt^l^tlT^/f^t;^ 
taTi^ScoT. Ag©i*ii|^i5**lcJ:oTife|S!i*feii 
Ufc*^ST. A g \z^^Wm&<n^±ti.\iXti 

1 0 «SBJfl;g 5 2' a ©^ffi;t'WT < s ' >\*>:/SS 5 
t'S iy'f^-F7©riffiiJl;g7 aW^Slcfcfl^fiK^tn 
-5®T\ M«0it:;ti:Ag{Ci^fig^^?iJfflbTiS: 

[0 0 6 0] Sfc. ^airni i*glcSi3--5C:t{Cj;c 

T> mmM^ 2 a®^®^HC#lKlbT*5©T. ^ 

[ 0 0 6 1 ]^ 0 5 tt*5gBJ©¥»ftS*)tSS®Slt® 1 

[0 0 6 2] El(Ci5UT, nS«©vU:3>S-«#fi:Ufc 

•^XA- 1 2 s i ■1' F 7 (nn^-y^w^mytz. 
*>©S:^«sftL.T*ifrs. ;^©>>XA-1 2fi, gF3 



[00 6 3]-:^; n#JSCXpffiiJ®effi5 1 a. 52b 

5S:iC <t o T J^SK L X y-f > L fc587t* 

L. '>x/\-l 2(Dn«&lXpffl(D«g7 a, 7bro/t 

a ia. ^tlglrj;Oigil6J«^^-B-'^7XA-l,2;J:tCH 
SfS. , v-f nn^T'tt'^XA- 1 2 On 
«SU^D«91ta7 a, 7 bftlJCJg^iELT^3^iTfeA 

[0 0 6 4] 'Ak>-^. ^%*=f-^ 0 ^«:«Lfc'^7XA- 

ttffi 1 3 a ^':7XA- 1 2 i:*til#-rsfig(ClEeb> 0 
XA-1 2 0K®<7)n«^7 c Sr/'y=^^(0^aili:LT 

^<^«^«. ^ -;/^M+fflA g-f :t>5i^*'i'X/N- 12© 
nmS7 c fC^aT'5nffiii«|B7 a, ■7-l'i7P/N'>;/ 
5. 5g3t?!l^ 5 0 ©pfifl^H 5 2 bRt^aiB^ma 5 2 a 

HI OA^Jg^S^tl^. 
[0 0 6 5] ^-9^. '^^''^-1 2^£;S(l9tbLT+^i-i5t 

5 0 <r)mmnM 52a sr^trgg^i-jc a g ©si* 

1 1 0 ^^lS.htz%%m^ 5 0 t S. i y-f ^- H 7 ttC 

[0.0 6 6] ;^£*5> Ii4 (a). 1 
tt5«a]co«^TW, Ag®SltBl O^JgfSbfc^fc, 

teCJ;pT^g.fiEt"^«J;l^. S4 (b) tc^-TJ; 
5tcJilKc?pffliJm«S3^'bt?^^*^lfc*3ViT%. p 

3 ICA g ^ffll^S^^tt, -^X/N- 1 2 (CS^ti 

[0 0 6 7] S6ttS I ^^•1':t-K7$3S!jg-r-5fcii?)<D 

■^XA- 1 2 iCJ^fig $ nfc n ffliWS 7 a t pffliWffi 7 b 
fflA-5'->Jit;n«ffi7 c t(Dmm.^^^mtMxh. 

[0 0 6 8] 06 (a) t>:^r<k'5l'>o<-y^j^fi£ffi« 

niBjma7 &tnmto)ny:rst%%mf^ owpfflij 

ma 5 2 b iilBJ«® 5 2a Tab's OT. ^ttSi L-T 



tJBffiro n «^ 7 c T-ttTJc < , n WmS 7 a *W-S L 

\z\i.nmnm7 a\z^y^(Dmm.m^Wi^<Diimt.L^^ 

©T*S.. $^>lCil6 (b) tC^-rj;-5lC|^tg-r^nfli] 

[00 6 9] Wvt>^y^«15rBHcSitT«»^tt> 0. 

[0 0 7 0] £A-hC<tD, SB^«1i5 2 a©±ffleAg 
jt<y*tCJ;§SI*®l 0*t}^fi!tStlS®-e. 5feJ;l»WU 
fc {C, }Sttl)5^e.MW«« 5 2a 
11 OlCctoTEW^tl^W-e, ^)tW«*^*lfi]±T5. 
^tz. Ag;<7+ttpfliJ«S5 2 b, x'-f da'^t'S 
SiytS i ^^'f:t-H 7©nffliJIIS7 afCfef*iPf so 

[0 0 7 1] ts-ii. El^©{»j-c«^flim««ffl©s i ^ ' 
H 7 i0l|*-^to-B-iLfe*i. ^?t*^5 0®n 
ffli|Rt;^pffl©«ffi5 1 a. 5 2 bt<:^3i-rs«ffi«m 

[0 0 7 2] 0 7ti*5!B^®m3©^SE©J^^tC<fc'2>* 

3->1$t)ig<!:X#+vllHg-e^:-;i. H LfcL E D 7>'3^ 
[0 0 7 3] ;L©«|ji*^b<iftB«-rSi, 

-Aov^^hSCe at04© (a) (c^fsiifSi-.o 
®^®fc«lg|gi i^)^fi£bfc^^*^^^^ii^«Lfc 

mz. y u -J ym^mw?^%*^ 5 o t s i y-r 
:t- 7 ®»^i^Pb1(c 'J rj->^iig 1 5 ^%m- 

©5ta<lrX4^+v-»ffll8T^-;i'H-r^o tztzL. 71J 
•y 7^5^ -y y'm^mWmytm'T- 5 0 0 Hi t®± ttt 

i D¥X > ^feSf/f**«X:i?=^->iail&<t t^fc** 
ITX 0 ffl b ^ * Jit ^ < ^ fc * T- -5 , 
[0 0 7 4] ;!:©l|]!i©fl^M«. S»fl(CAg2rfflt^/5: 

mp\z±C^Ae^^if\^'-:i^3>i-^i\zmm\zpj± 
T€-5::&fe;£*-r fe©T*s. . ti^it)^., » 2 ©5IJfi© 
^JIlCi3ViT> Ag©K**a 10©«ffl<£N i (Dimm 

1 l©fl?^Jgt?t?>3tc-;w^j:£Ag«a$l6?|Tt'5: 

\^^^^t^^\:im^*^h^, ■?-©^^, t°>:*-;i/*^e. 



CO 0 7 5] Ag^-ryi/— >3 >cpinjHtM±Ki^(^ 

[0 0 7 6] 
C«U ' 











mm 








240llffSl 


500B#P«1 


® 


Ag 






1 0 0% 






(D 


A& 


Ni 




3 0% 


6 0% 




(3) 


Ag 


Ni 


fey 


0% 


0% 


0% 



[0 0 7 7] KWHl OifiAz. •ffitt«74L. -> 

Vf = 3. 3V, I f = 1 2mAT-fe-5. 

[0 0 7 8] gltC^-r<fc5iC. (Dtt2 4StFB^T"J-i' 
t-H?FA75tl 0 0%^^f SWfcMlx, 1/3 

cD-9->y;i/*^'2 4 oR#ram±T'U-i'^-F^:a«^* 

L-T43?.-r. Sfc, 5 0 0Bt^B^Ji^±;fcoTt>U- 

[007 9] 

ja^PJ: <'^a»«©3t«t 0 a LiBffliJlcRWS-a-SCDT, 

[0 0 8 0] *fc, -i>^5'i7 h««»<)t:i^jSjgpJtg;^C 

[0 0 8 1] Sfc. iife*^e.*fiCD5feCabT^feRW 

^©i«t^Ag^R*tatUTffll.^5«^«. AgV-^-if 
> 3 > IC J: « «® raJS^tc J: -5 'J - H ^ 

SWl^rAgiP t-^AgtPdW^^i 

[0 0 8 2] Sfc> *5SB^®S!?t^?2:V'fi7DM>7' 
(C. ««?/^y^XStCJ;DAgS*firo«®*««MT 
[0 0 8 3] S^c, *52BJl?tt> «e*(02iqm@<£jt^ 



^(7)J:(C{S@^*ffl*(CJ^^r^5cOTAg 

[0 0 84] Sfe, 7 U >y ^^^iS^^^Jt^^ * 

t*i:«Jg^M^fc«7 'J yT'^^'-y :/l¥*#^^3^i^ 
T^^IttiO, S^lCfil^tCAgV-l'ifl/— v'3>Sr 
[0 0 8 5] Sfc. 7U >y7'5^^y7'S^»#:^^^^t 

[0 0 8 6] Sfc. >'Un->^«&ttmt>^1-<. ii 
-5. 

[HI] ^mM(D-nm<D]Bmizj^^7^)yy^y7m 

(a) tt¥ffl^ 

(b) (a) ©A-A^^^Idi^WWSlI 

(a) \iw-mm 



J| ^ ■ . 3 V ..■ 1 1 - 1 9"1 6 4< I f 



(b) \tw\m ia) .(DB-Bm^m\z^^m&'mm 
[114] s«««^iB(c«»®&}^fieufcfi^ii^?x-rw 

mmmm 

. [05] *f!?B®iijgirtetjfett5i8b«ii|0j7- 

[EI 6 ] :^mm^y ^xm^mmt^m-^h -d r. 

(a) tt. «»^-;/+O»®i^ifiSrS^-r0 

(b) IJS i ^-f^t-h'-^XA-lrjg^S^nfcnffldmSi 

[S7] ,^^^^^^&ij-h*7i— 4^c^«^^^^bT^- 
Ilia 

(a) fiW0 

(b) «|pI0 (a).,C^Cl^^«Cj;a«iEWfffi0 
[??F^WI5iBJ] 

1 

1 a . 

lb GaNA*7 7 7H 

1 c n^GaNl . - ■ ■ , • 

Id I n G a NffittS 




Ic 3 2 4. 




fa 



le plAlGaNH 

1 f pMG aNS 

2 niimS 

3 pffilll^ 

3 a ^--•y^'Mg'g 

3 b mm 

6 U^F7U— A 

6 a V'!7>haB 

7 S i5^'r:t->*5g? 
7 a nfiMg 

7 b pfflm® 

7 c n«ffi 

7d nM->U3>»S 

7 e m^mw-mm . 
9 mL'm 

I 0 ^1^1 

I I mm 

1 2 "^XA- 
1 3 
1 3 a 
14 

1 5 vUp->W 



. [03] 




[g|9] 




